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Breaking of U(6) into subalgebras (classification scheme) ¶ (6) (5) (5) (3) (2) (6) (3)
(6) (6) (3) 99, 253 (1976); ibid. 111, 201 (1978); ibid., 123, 468 (1979) .
( 1) An intriguing (and surprising) result ¶ :
The structure of a system at the critical point of a quantum phase transition is simple. The energy eigenvalues are given by zeros of Bessel functions! Extends the notion of symmetry to the most difficult situation encountered in quantum physics.
E (5) X ( Building blocks: Proton, π, and neutron, ν, pairs with J=0 and J=2 treated as
Algebraic structure (spectrum generating algebra)
The algebra is actually the direct sum of two U(6) algebras,
The basis states are the direct product of representations of two U(6) groups].
(6) (6) u u
In systems composed of two sub-systems new symmetries occur States can be labeled either by their symmetry character (Young tableau) or by the value of the F-spin (isospin of bosons).
In nuclei, composed of protons and neutrons, the combination of the two subsystems leads to a variety of new physical phenomena: mixed symmetry states, scissor modes, triaxiality.
Dynamic symmetries provide benchmarks for the study of these phenomena For the cluster model with identical constituents (α-particles) it is sufficient to diagonalize the symmetry adapter operators of the permutation group S n . For the ACM, formulated in terms of U(3k-2) the construction is even simpler, since U(3k-2) contains the harmonic oscillator group U(3k-3) and the breaking of U(3k-3) onto S n was studied years ago by Kramer and Moshinsky ¶ . One can therefore find the angular momentum and parity, L P , content in a given representation of the discrete group G. ¶ P. Kramer and M. Moshinsky, Nucl. Phys. 82, 241 (1966) .
Representations can be labeled either by S n or by the isomorphic discrete group G Energy formulas ("dynamic symmetries") for a rigid roto-vibrator composed of kα-particles:
It is also possible to calculate all properties, B(EL), form factors in electron scattering, etc., in explicit analytic form. Symmetries (both continuous and discrete) are pervasive in nuclear physics. They are much more accurate and extend to much higher energies than originally thought. Simplicity in complexity CONCLUSIONS Symmetries provide benchmarks for the analysis of experimental data and give clues for a microscopic understanding of the structure of physical systems. 
